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CLAIMS 



[Claim(s)] 

[Claim 1] Heat-resistant intermetallic-compound nickel3 aluminum with room temperature ductility 
characterized by providing the following A manufacture method of a foil nickel It considers as a 
principal component and is aluminum. The 1st production process which carries out arc dissolution of 
the alloy of chemical composition to include, and produces a raw material rod The 2nd production 
process which raises a raw material rod to a columnar crystal by melting coagulation, and produces one 
direction coagulation material The 3rd production process which starts one direction coagulation 
material and produces a plate The 4th production process which carries out cold rolling processing of the 
cut-down plate in the state of a room temperature, and produces a foil 

[Claim 2] An alloy [ in / on a method of claim 1 and / the 1st production process ] is 12.8-% of the 
weight or more 13.6 or less % of the weight of aluminum. It includes and is LI 2. Heat-resistant 
intermetallic-compound nickeBaluminum with room temperature ductility characterized by having mold 
ordered structure A manufacture method of a foil. 

[Claim 3] In a method of claim 2, an alloy in the 1st production process contains the 3rd element other 
than aluminum, and it is LI 2. Heat-resistant intermetallic-compound nickeB aluminum with room 
temperature ductility characterized by having mold ordered structure A manufacture method of a foil. 
[Claim 4] Heat-resistant intermetallic-compound nickeB aluminum with room temperature ductility 
characterized by producing a thing with a diameter of 50mm or less as a raw material rod at the 1st 
production process in a method of claim 1 thru/or either of 3 A manufacture method of a foil. 
[Claim 5] Heat-resistant intermetallic-compound nickeBaluminum with room temperature ductility 
characterized by making one direction coagulation speed in the 2nd production process into 25 or less 
mm/h in a method of claim 1 thru/or either of 4 A manufacture method of a foil. 
[Claim 6] Heat-resistant intermetallic-compound nickeBaluminum with room temperature ductility 
characterized by making a plate into 5mm or less in thickness at the 3rd production process in a method 
of claim 1 thru/or either of 5 A manufacture method of a foil. 

[Claim 7] Heat-resistant intermetallic-compound nickeBaluminum with room temperature ductility 
characterized by annealing 20 minutes or more at temperature more than 800 degree C (or 1073K) in 
plate strip processing in the 4th production process in a method of claim 1 thru/or either of 6 A 
manufacture method of a foil. 

[Claim 8] It is ten to 3 Pa about a cold rolling foil work hardened in a method of claim 1 thru/or either of 
7 after the 4th production process. Heat-resistant intermetallic-compound nickeBaluminum with room 
temperature ductility characterized by annealing 20 minutes or more, carrying out cold rolling 
processing further, and producing a foil at temperature more than 800 degree C (or 1073K) in a high 
degree of vacuum A manufacture method of a foil. 

[Claim 9] nickel It considers as a principal component and is aluminum of 12.8-% of the weight or more 
13.6 or less % of the weight **. Heat-resistant intermetallic-compound nickeBaluminum with room 
temperature ductility which has chemical composition to include and is characterized by being a foil 
with a thickness of 200 microns or less A foil. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Invention of this application is heat-resistant nickel3aluminum 
excellent in room temperature ductility. It is related with the manufacture method of an intermetallic compound, and is 
still more detailed nickel3aluminum with the thin thickness of 200 microns or less. nickel3aluminum which can 
manufacture a foil, and was excellent in high temperature strength, oxidation resistance, and corrosion resistance, and 
was rich in room temperature ductility It is related with the manufacture method of a foil. 
[0002] 

[Description of the Prior Art] nickel3aluminum as a thermal-protection-system material About the brittle improvement, 
the minute amount boron addition method examined in Tohoku University in 1979 is known, and there is an example 
by which the board with a thickness of about 500 microns was made as an experiment in the past. However, boron 
addition also has the problem of being easy to produce high temperature embrittlement, and the practical problem was 
left behind. Moreover, nickel3aluminum which carried out minute amount boron addition About 30% and since [ low 
and ] room temperature hauling elongation had high yield stress, it was that to which rolling forming performance is 
low and is not suitable for foil manufacture. 

[0003] Aiming at utilization of this material, the improvement of an alloy presentation has been made even in U.S. Oak 
Ridge National Laboratory after that. However, it is making to use it in the configuration of a board, a block, and a wire 
rod conventionally in the case of which into the technical problem, and the attempt of foil manufacture is not made. 
nickel3aluminum Since unlike the usual metallic material it reaches by 5 times the room temperature reinforcement at 
the temperature of 800 degrees C (or 1073K) as reinforcement increases and it is shown in drawing 2 so that it becomes 
an elevated temperature, application of a turbine blade, the boiler tube, the fuel clad pipe for reactors, an aeronautical- 
navigation space material, etc. has been considered as a heat-resisting material. 

[0004] However, usual dissolution and solidified nickeBaluminum There was a defect of it having been so weak that it 
fracturing immediately after a breakdown, and there having been little ductility in a room temperature, and having 
remarkable brittleness near the room temperature common to an intermetallic compound. Therefore, it is thought until 
now that it is difficult to manufacture a foil with a thickness of 200 microns or less with rolling, and it is very difficult, 
and it does not yet realize. 

[0005] Invention of this application is nickeBaluminum which is excellent in high temperature strength, oxidation 
resistance, and corrosion resistance, and is rich in ductility by being made in view of the above-mentioned situation, 
and improving ductility sharply. It is nickel3aluminum with a thin thickness of 200 microns or less also by cold 
working in an intermetallic compound to a room temperature. It is making into the technical problem to offer the foil 
manufacture method that a foil can be manufactured. 

[0006] Moreover, invention of this application makes it the technical problem to enable application including 
lightweight thermal-protection-system materials, such as honeycomb structure and lamination mold composite 
material, with a wide range use gestalt, such as manufacture of many functional materials, with the configuration of the 
foil obtained by this manufacture method taking advantage of the property of an intermetallic compound that 
brittleness, therefore utilization have so far been made difficult. 
[0007] 

[Means for Solving the Problem] Invention of this application is nickel as what solves the above-mentioned technical 
problem. It considers as a principal component and is aluminum. The 1st production process which carries out arc 
dissolution of the alloy of chemical composition to include, and produces a raw material rod, The 2nd production 
process which raises this raw material rod to a columnar crystal by melting coagulation, and produces one direction 
coagulation material, nickel3aluminum characterized by starting one direction coagulation material and including the 
3rd production process which produces a plate, and the 4th production process which carries out cold rolling processing 
of the cut-down plate in the state of a room temperature, and produces a foil A manufacture method (claim 1) of a foil 
is offered. 

[0008] Invention of this application moreover, an alloy in the 1st production process about an above-mentioned method 
12.8-% of the weight or more 13.6 or less % of the weight of aluminum It contains and is L12. nickel3 aluminum 
characterized by having mold ordered structure A manufacture method (claim 2) of a foil is begun. nickel3aluminum to 
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which an alloy in the 1st production F^£^ s is characterized by including the 3rd^(^ient other than aluminum A 
manufacture method (claim 3) of a foil at the 1st production process nickel3aluminum characterized by producing a 
thing with a diameter of 50mm or less as a raw material rod A manufacture method (claim 4) of a foil nickel3aluminum 
characterized by making one direction coagulation speed into 25 or less mm/h in the 2nd production process A 
manufacture method (claim 5) of a foil at the 3rd production process nickeBaluminum characterized by setting 
thickness to 5mm or less for a plate In plate strip processing [ in / for a manufacture method (claim 6) of a foil / the 4th 
production process ] at temperature more than 800 degree C (or 1073K) nickeBaluminum characterized by annealing 
20 minutes or more a manufacture method (claim 7) of a foil — moreover, a cold rolling foil work hardened after the 
4th production process — 10-3 Pa In a high degree of vacuum at temperature more than 800 degree C (or 1073K) 
nickeBaluminum characterized by annealing 20 minutes or more, carrying out cold rolling processing further, and 
producing a foil A manufacture method (claim 8) of a foil is offered. 

[0009] And invention of this application is nickel further. It considers as a principal component and is 12.8 % of the 
weight or more and 13.6% of the weight or less of aluminum. Heat-resistant intermetallic-compound nickeBaluminum 
with room temperature ductility which has chemical composition to include and is characterized by being a foil with a 
thickness of 200 microns or less A foil (claim 9) is offered. 
[0010] 

[Embodiment of the Invention] Although invention of this application has the feature as above-mentioned, it explains 
the gestalt of that operation below. First, nickeBaluminum of invention of this application By the manufacture method 
of a foil nickel The 1st production process which considers as a principal component, carries out arc dissolution of the 
alloy of the chemical composition containing aluminum in inert gas, and produces a raw material rod, The 2nd 
production process which raises a raw material rod to a columnar crystal by melting coagulation, and produces one 
direction coagulation material, It is making to start one direction coagulation material by the electron discharge method, 
and to include the 3rd production process which produces a plate, and the 4th production process which carries out cold 
rolling processing of the cut-down plate in the state of a room temperature, and produces a foil into requirements. By 
this, it is nickeBaluminum with a thin thickness of 200 microns or less. nickeBaluminum which could manufacture the 
foil, was excellent in high temperature strength, oxidation resistance, and corrosion resistance, and was rich in room 
temperature ductility It becomes possible to offer a foil. 

[001 1] It is desirable to perform arc dissolution of the 1st production process into inert gas, such as an argon and 
helium, and although not limited especially about the raw material rod produced by this arc dissolution, for one 
direction coagulation at the 2nd production process, considering as a thing with a diameter [ of 50mm or less ] and a 
length of 300mm or less is taken into consideration. In production of the one direction coagulation material of the 2nd 
production process, it can carry out suitably with a floating zone method, for example in an optical image furnace. The 
speed of the one direction coagulation in this case is 25 mm/h. Considering as the following is appropriate. In 
exceeding this speed, homogeneous one direction coagulation material becomes is hard to be obtained. 
[0012] Production of one direction coagulation material is very important in the manufacture method of this invention. 
The rolling plasticity which was excellent in the emergency of [ yield stress is low and ] 60% or more of hauling 
elongation with one direction coagulation even if there was no addition of other alloy elements is nickeBaluminum. It 
is because it is given to the compound between alloys. Production of the plate of the 3rd production process is carried 
out by starting the one direction coagulation material obtained at the 2nd production process by the electron discharge 
method. Under the present circumstances, although there is especially no limitation in the magnitude of a plate, in order 
to make the 4th following production process smooth, it is suitable for thickness to be referred to as 5mm or less. 
[0013] In the 4th production process, although cold rolling processing is carried out at a room temperature, you may 
anneal 20 minutes or more at the temperature more than 800 degree C (or 1073K) if needed. Annealing and cold rolling 
may be repeated two or more times further again. At this repeat, annealing is ten to 3 Pa for example, to a cold rolling 
foil. In a high degree of vacuum, it is suitable to carry out 20 minutes or more at the temperature more than 800 degree 
C(orl073K). 

[0014] An example is shown below and the mode of implementation of this invention is further explained to details. 
[0015] 

[Example] First, nickel It considers as a principal component and is 12.8 - 13.6% of the weight of aluminum. Arc 
dissolution of the alloy of the chemical composition to include was carried out in high grade argon gas, and the raw 
material rod with a diameter [ of about 15 mm ] and a length of about 150mm was produced (the 1st production 
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process). In this case, additives, such 

[0016] This nickel3aluminum As an intermetallic compound has strong temperature dependence and illustrated it to 
drawing 1 , it was checked that reinforcement increases with the rise of temperature to 900K about each of crystal 
orientation A, B, and C unlike the usual metal. Subsequently, the one direction was made to carry out melting 
coagulation of a part of this raw material rod with a floating zone method all over the optical image furnace which 
makes a halogen lamp a heat source (the 2nd production process). 

[0017] In this case, the one direction coagulation speed which can be set is 25 mm/h. It considered as the following. 
Consequently, nickeBaluminum which carried out one direction coagulation as shown in drawing 2 It sets in a 
columnar crystal organization and is single phase nickel3aluminum to the growth direction. It was checked that the 
columnar crystal is developed. By controlling coagulation so that a columnar crystal organization becomes uniform, as 
shown in drawing^ , a thing with 60% or more of very big hauling ductility is obtained. 

[0018] After that, by the electron discharge method, the board with the thickness of 1mm, a width of face [ of 7mm ], 
and a length of 70mm was cut down (the 3rd production process), and one direction coagulation material was 
continuously cold-rolled at the room temperature (the 4th production process). In this case, even if it did not give 
intermediate annealing, it was able to roll out in the foil with a thickness of 50 microns with rolling of 95% of rolling 
reduction. In this production process, if required, even if it will anneal 20 minutes or more at the temperature more than 
800 degree C (or 1073K), it does not interfere. 

[0019] Although it is difficult to have work hardened the cold-rolled foil and then to fabricate Ten to 3 Pa If it anneals 
20 minutes or more at the temperature more than 800 degree C (or 1073K) among a high vacuum For example, also by 
the recrystallization material (recrystallized structure which annealed the foil of the cold-rolled 70-micron thickness by 
1273K for 30 minutes) which has the organization which showed drawing_4 , as shown in dmwingj. Big ductility could 
be shown and considering as a much more thin foil also became possible by what cold rolling processing is further 
added for on it (the 5th production process). 

[0020] If the thin heat-resistant foil which was obtained by the foil manufacture method of invention this application 
and which is rich in ductility is used, lightweight thermal-protection-system objects, such as honeycomb structure and 
lamination mold composite material, can be manufactured. And as a use of this lightweight thermal-protection-system 
object, the turbine configuration member for a generation of electrical energy, the thermal shield material for aerospace 
and an engine member, car motor, etc. are mentioned. Moreover, using oxidation resistance and corrosion resistance, 
application to the heating element under deep etching environment and shield material etc. is considered, and very 
many directions can be considered. 

[0021] Although many things are considered even when the directions of a heat-resistant foil with such ductility are 
independent, a variety and various application can be further considered by compound with other materials. It is 
nickel3 aluminum although explanation of this example showed the result of the one direction coagulation by the 
floating zone method, and cold rolling. The manufacture method incorporating the one direction coagulation and hot 
rolling of the others which can manufacture a columnar crystal can also be included. 
[0022] 

[Effect of the Invention] According to invention of this application, it becomes possible from a weak intermetallic 
compound to manufacture a thin foil with cold rolling, and brittleness, therefore utilization can harness the property of 
the difficult intermetallic compound now. Moreover, since it is a configuration of a foil, many use gestalten, such as 
manufacture of a functional material, are considered at first in lightweight thermal-protection-system materials, such as 
honeycomb structure and lamination mold composite material, and the high material of versatility can be offered. 
[0023] Furthermore, if a lightweight thermal-protection-system object can be manufactured, development of the turbine 
for a high performance generation of electrical energy, a high performance jet engine, and a space shuttle is promoted, 
and the effect of earth environmental preservation, such as control of discharge carbon dioxide gas besides an 
economical effect, can be expected. 
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TECHNICAL FIELD 



[A technical field to which invention belongs] Invention of this application is heat-resistant 
nickeB aluminum excellent in room temperature ductility. It is related with a manufacture method of an 
intermetallic compound, and is still more detailed nickel3 aluminum with thin thickness of 200 microns 
or less. nickeB aluminum which can manufacture a foil, and was excellent in high temperature strength, 
oxidation resistance, and corrosion resistance, and was rich in room temperature ductility It is related 
with a manufacture method of a foil. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to invention of this application, it becomes possible from a weak 
intermetallic compound to manufacture a thin foil with cold rolling, and brittleness, therefore utilization 
can harness the property of the difficult intermetallic compound now. Moreover, since it is a 
configuration of a foil, many use gestalten, such as manufacture of a functional material, are considered 
at first in lightweight thermal-protection-system materials, such as honeycomb structure and lamination 
mold composite material, and the high material of versatility can be offered. 
[0023] Furthermore, if a lightweight thermal-protection-system object can be manufactured, 
development of the turbine for a high performance generation of electrical energy, a high performance 
jet engine, and a space shuttle is promoted, and the effect of earth environmental preservation, such as 
control of discharge carbon dioxide gas besides an economical effect, can be expected. 



[Translation done.] 




* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



TECHNICAL PROBLEM 



[Description of the Prior Art] nickeBaluminum as a thermal-protection-system material About the brittle 
improvement, the minute amount boron addition method examined in Tohoku University in 1979 is 
known, and there is an example by which the board with a thickness of about 500 microns was made as 
an experiment in the past. However, boron addition also has the problem of being easy to produce high 
temperature embrittlement, and the practical problem was left behind. Moreover, nickel3 aluminum 
which carried out minute amount boron addition About 30% and since [ low and ] room temperature 
hauling elongation had high yield stress, it was that to which rolling forming performance is low and is 
not suitable for foil manufacture. 

[0003] Aiming at utilization of this material, the improvement of an alloy presentation has been made 
even in U.S. Oak Ridge National Laboratory after that. However, it is making to use it in the 
configuration of a board, a block, and a wire rod conventionally in the case of which into the technical 
problem, and the attempt of foil manufacture is not made. nickeBaluminum Since unlike the usual 
metallic material it reaches by 5 times the room temperature reinforcement at the temperature of 800 
degrees C (or 1073K) as reinforcement increases and it is shown in drawing 2 so that it becomes an 
elevated temperature, application of a turbine blade, the boiler tube, the fuel clad pipe for reactors, an 
aeronautical-navigation space material, etc. has been considered as a heat-resisting material. 
[0004] However, usual dissolution and solidified nickeBaluminum There was a defect of it having been 
so weak that it fracturing imm 
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[Means for Solving the Problem] Invention of this application is nickel as what solves the above- 
mentioned technical problem. It considers as a principal component and is aluminum. The 1st 
production process which carries out arc dissolution of the alloy of chemical composition to include, and 
produces a raw material rod, The 2nd production process which raises this raw material rod to a 
columnar crystal by melting coagulation, and produces one direction coagulation material, 
nickeBaluminum characterized by starting one direction coagulation material and including the 3rd 
production process which produces a plate, and the 4th production process which carries out cold rolling 
processing of the cut-down plate in the state of a room temperature, and produces a foil A manufacture 
method (claim 1) of a foil is offered. 

[0008] Invention of this application moreover, an alloy in the 1st production process about an above- 
mentioned method 12.8-% of the weight or more 13.6 or less % of the weight of aluminum It contains 
and is LI 2. nickeBaluminum characterized by having mold ordered structure A manufacture method 
(claim 2) of a foil is begun. nickeBaluminum to which an alloy in the 1st production process is 
characterized by including the 3rd element other than aluminum A manufacture method (claim 3) of a 
foil at the 1st production process nickeBaluminum characterized by producing a thing with a diameter 
of 50mm or less as a raw material rod A manufacture method (claim 4) of a foil nickeBaluminum 
characterized by making one direction coagulation speed into 25 or less mm/h in the 2nd production 
process A manufacture method (claim 5) of a foil at the 3rd production process nickeBaluminum 
characterized by setting thickness to 5mm or less for a plate In plate strip processing [ in / for a 
manufacture method (claim 6) of a foil / the 4th production process ] at temperature more than 800 
degree C (or 1073K) nickeBaluminum characterized by annealing 20 minutes or more a manufacture 
method (claim 7) of a foil - moreover, a cold rolling foil work hardened after the 4th production process 
- 10-3 Pa In a high degree of vacuum at temperature more than 800 degree C (or 1073K) 
nickeBaluminum characterized by annealing 20 minutes or more, carrying out cold rolling processing 
further, and producing a foil A manufacture method (claim 8) of a foil is offered. 
[0009] And invention of this application is nickel further. It considers as a principal component and is 
12.8 % of the weight or more and 13.6% of the weight or less of aluminum. Heat-resistant intermetallic- 
compound nickeBaluminum with room temperature ductility which has chemical composition to 
include and is characterized by being a foil with a thickness of 200 microns or less A foil (claim 9) is 
offered. 
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[Drawing 5] 
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